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HIV-1 and HIV-2 represent two distinct groups of human immunodeficiency viruses

known to cause AIDS in infected individuals (3,11,12,21,43). While HIV-1 is the causative

agent of epidemic AIDS worldwide, HIV-2 has generally been restricted to West Africa

(4,7,13,28,31). Numerous isolates of HIV-1 and HIV-2 have been obtained and their biological

and molecular properties characterized (1,3,12,23,43,54). Nucleotide sequence analysis shows

that HIV-2 is only distantly related to HIV-1 (23), while it is more closely related to two primate

retroviruses, SIVMAc and SIVsM, which cause an AIDS-like disease in captive macaques

(8,14,27). Although genetically divergent, prototype HIV-1 and HIV-2 viruses share similar

overall genomic organization and have similar biological properties, which include their

propensity for rapid genetic change (18,45,54), their host cell tropism, their cytopathic effect

on T-cell cultures and peripheral blood mononuclear cells in vitro, and their ability to form

syncytia with CD4-bearing target cells (12,43). In fact, the majority of HIV-1 and HIV-2 strains

isolated from patients with immunodeficiency disease have been shown to cause cell fusion

and the formation of multinucleated giant cells in culture. This represents a hallmark of

productive viral infection in tissue culture and accounts for the profound in vitro cytopathic

effects of HIV (25,39,52). In contrast to HIV-1 and HIV-2 isolated from clinically ill individuals,

natural infection of African green monkeys by SIV occurs with high prevalence in East and

West Africa but does not lead to immunodeficiency. In addition, there is growing evidence that

the biologic properties of HIV-1 in vivo may differ significantly from tissue culture adapted

strains. Thus, in order to characterize HIVs and SIVs as they exist in vivo, the goals for year

03 of this contract were: (i) to characterize by genetic and biologic analysis an HIV-2 strain

obtained during year 02 of this contract which showed attenuated virulence in vitro and in vivo;

(ii) to develop PCR approaches that would allow, for the first time, the direct identification,

cloning, and sequence analysis of SIV and HIV from uncultured blood of West African green

monkeys and humans West African green monkeys and humans (all previous clones of SlVAM

have been derived from East African green monkeys); (iii) to obtain by direct lambda phage
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cloning full-length transfection competent clones of HIV-1 from uncultured human brain tissue.

Molecular Characterization of HIV-2/ST

In contrast to the prototype pathogenic HIV-1 and HIV-2 viruses, we and others have

recently isolated less cytopathic strains of HIV-1 and HIV-2 which exhibit markedly different

biological properties (2,9,16,34,36,50). These particular isolates cause little or no cell death

in susceptible target cells, fail to induce cell fusion with CD4-bearing immortalized T-cell lines,

exhibit a restricted host cell tropism with a preference for PBMC and/or macrophages, and are

often derived from asymptomatic individuals. While their in vitro biological differences are well-

documented, the genetic changes responsible for their attenuated phenotype are not

understood. In order to elucidate determinants of HIV pathogenicity, we have thus begun to

molecularly dissect a non-fusogenic and non-cytopathic HIV-2 isolate, termed HIV-2/ST, which

was obtained from a healthy Senegalese prostitute as part of year 02 work for this contract

(34). Although this virus replicated to high titers in tissue culture, it infected cells at a slower

rate compared to cytopathic strains of HIV-1 and HIV-2, and caused little or no cell killing and

fusion. This was the case despite the fact that its external envelope glycoprotein was cleaved

correctly, transported to the cell surface, and shown to bind to a specific epitope on C04,

which was recognized by OKT4a but not OKT4 antibodies (34). HIV-2/ST therefore appeared

to bind to the CD4 molecule analogous to other HlVs, but it failed to fuse with CD4-beanng

target cells suggesting that its infectivity was greatly retarded at the level of cell entry (34).

Since HIV "isolates" generally represent complex mixtures of genotypically-distinct

viruses, and since the biological phenotype of any HIV culture depends on the sum of the

properties of each genotypic variant (22,45), we first attempted to isolate a molecular clone,

which was both transfection-competent and representative of the in vitro properties of its

parental virus. We therefore obtained three full-length proviral clones (XJSP4-27, XJSP4-32,

and XJSP4-34) from a genomic library of a biologically-cloned high producer cell line, termed

ST/B12, and subsequently transfected them into the neoplastic T-cell lines SupTi (49) and
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CEMx174 (29,47). Reverse transcriptase activity was detected in supematants of cultures

transfected with XJSP4-27 as early as five days post-transfection, while XJSP4-32 and

XJSP4-34 transfected cultures revealed no signs of viral replication, indicating that these

proviruses were replication-defective. Immunofluorescence analysis further confirmed the

presence of virus expressing cells in XJSP4-27 transfected cultures, but failed to identify virus

mediated cell fusion. Western blot analysis of purified JSP4-27 virions demonstrated a protein

profile similar to that of the parental HIV-2/ST virus. To facilitate subsequent transfection

experiments and to allow the direct comparison of JSP4-27 to other transfection-competent

HIV-2 plasmid constructs, we sub-cloned the proviral insert of XJSP4-27 into the plasmid vector

pSP65 (Figure 1A).

To test whether the transfection-derived JSP4-27 virions were infectious, filtered

supernatants of plasmid-transfected cultures were transmitted to uninfected SupT1 and

CEMx174 cells. The results showed that cell-free transmission of JSP4-27 virions was readily

and reproducibly demonstrable. However, infection and spread in culture, particularly in SupTi

cells, occurred slowly and with considerable delay. These results were confirmed and

extended in comparative studies with a transfection-derived, cytopathic HIV-2/ROD strain,

termed SL (38). While transfection of the SL provirus resulted in >90% infected SupT1 or

CEMx174 cultures within three to four days post-transfection, JSP4-27 transfected cultures

reached only 10% infectivity in the same time period, which indicated the same reduced ability

to spread in culture that had been observed for the parental HIV-2/ST virus (34). Similarly,

the transfection-derived JSP4-27 cultures did not form syncytia upon cocultivation with several

C04-bearing T-cell lines, including SupT1, CEM, H9 and CEMx174 cells, whereas SLI infected

cultures produced numerous and large syncytia, as well as a profound cytopathic effect, with

these same target cells (Figure 1 B). These data thus showed that the JSP4-27 provirus was

replication-competent and infectious, and exhibited the same non-fusogenic and non-cytopathic

properties as previously described for the parental virus (34).
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Having identified and characterized the biological features of a molecular clone of

HIV-2/ST, we next sequenced its entire genome. The complete nucleotide sequence of the

JSP4-27 provirus is depicted in Figure 2. The viral genome is 9,672 bp in length and exhibits

an overall genomic organization of 5'LTR-gag-pol-central region-env-nef-3'LTR, which is

identical to that of other cytopathic HIV-2 and SIVMc proviruses. It contains all major open

reading frames characteristic for HIV-2, including vpx which is present in HIV-2 and SIVAc

viruses but not in HIV-1 (17,26,32,53), and vpr which is present in HIV-1, HIV-2 and SlVMAc

but not in SIVAM viruses (19). Like other HIV/SIV proviruses, HIV-2/ST is flanked by LTR

sequences which are known to regulate viral gene expression. Sequence comparison with

other HIV-2 LTRs showed that regulatory elements, like the tata box, the polyadenylation site,

core enhancer sequences, Spl binding sites, and the tat responsive region are all present in

HIV-2/ST and that their sequences are highly conserved. The HIV-2/ST LTR is of similar

length, and there are no major deletions or insertions which would distinguish it from the LTRs

of other cytopathic HIV-2 viruses (data not shown).

Comparison of the deduced amino acid sequence of the HIV-2/ST reading frames

suggested that they all encoded full-length and functional proteins, with the exception of the

vpr gene. This open reading frame was found to contain an in-frame TAA stop codon which

truncates the vpr protein prematurely after the first 32 amino acid residues. Since the JSP4-27

provirus is fully replication-competent, it can be concluded that the vpr gene product is not

required for in vitro replication of HIV-2. This conclusion was confirmed by the biological

analysis of a second vpr-deficient HIV-2 provirus independently constructed in our laboratory

(J.C. Kappes and B.H. Hahn, unpublished), as well as by the findings of others (15).

Moreover, since vpr-deficient proviruses of HIV-2 are also cytopathic and fusogenic, it is

unlikely that the lack of a functional vpr gene in HIV-2/ST is responsible for its attenuated

phenotype.

Pairwise sequence alignments of JSP4-27 to other cytopathic strains of HIV-2 similarly
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revealed no genetic features unique for HIV-2/ST. Comparison of HIV-2/ST and HIV-2/ROD

demonstrated an overall sequence divergence of 11%, which is within the expected range of

genetic variability observed among geographically-distant isolates of HIV-2 (Tables 1 and 2).

Three other recently reported HIV-2 viruses, HIV-2/ISY derived from a Gambian individual with

AIDS (1,18), HIV-2/NlH z derived from an AIDS patient from Guinea Bissau (54), and HIV-

2/GH derived from an AIDS patient from Ghana (24,30) differ from HIV-2/ROD (Cape Verde

Islands, refs. 12 and 23) by 11%, 12%, and 12%, respectively. Among all these viruses, the

Senegalese HIV-2/ST virus was found to be most closely related to the Gambian isolate

HIV-2/ISY, which shared 90% of its nucleotide sequence with HIV-2/ST.

Since infectivity, syncytia formation, and cell fusion are viral properties which are

mediated by the viral env gene, we examined this gene in particular with respect to sequence

differences unique for HIV. 2/ST. An alignment of the deduced HIV-2/ST env sequence to

those of six other cytopathic and fusogenic HIV-2 and SIV viruses is depicted in Figure 3.

Overall, the size of the various env sequences compared is approximately the same. In

contrast to other HIV-2 and SIVMAc viruses, JSP4-27 contains no in-frame stop codon in its

transmembrane envelope domain (Figure 3). This is consistent with the presence of a 43kD

rather than a 32kD transmembrane glycoprotein on Western blots of JSP4-27 derived virions

(Figure 1B), and is distinct from the protein profile of the HIV-2/ST parental strain which

comprises a mixture of viruses with both full-length as well as truncated transmembrane

proteins (34). Pairwise sequence alignment shows that the HIV-2/ST env sequence differs

from other HIV-2 and SIV envelopes to the same degree as they differ from each other, with

amino acid sequences varying between 16% and 30% (Table 1). 25 of 32 cysteine residues,

including 22 of 23 located in the extracellular domain, are conserved among all viruses, which

indicate a highly conserved envelope structure. In addition, HIV-2/ST contains 28 potential

N-linked glycosylation sites which are arranged in a pattern similar to that of other viruses, and

which also include one highly conserved glycosylation site previously shown to be critical for
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HIV-1 infectivity (51). Finally, the HIV-2/ST env gene contains highly variable regions which

correspond closely in distribution and size to similar hypervariable regions in the other env

gene sequences.

Although a three-dimensional structure has not been determined for any HIV or SIV

envelope glycoproteins, there are certain envelope domains whose functions have been

characterized by mutagenesis analysis. These include the putative CD4 binding domain

(35,37), the envelope precursor cleavage site (40), and the viral fusion sequence (5,6,20,35).

Since sequence changes in any one of these domains could alter the fusogenic properties of

a virus (35), we analyzed the envelope sequence of HIV-2/ST for particular mutations in these

areas. No changes, or only conservative amino acid changes were found in an envelope

domain of JSP4-27 that corresponds to the HIV-1 envelope region previously identified to be

involved in CD4 binding (37). HIV-2/ST also contained an apparently functional primary

envelope precursor cleavage site, with a recognition sequence (RNKR) identical to that of three

other fusogenic HIV-2 or SIV viruses (compare Figure 3). In contrast to these viruses,

however, HIV-2/ST was found to differ in 2 of 16 highly conserved amino acid residues at the

N-terminus of the transmembrane envelope glycoprotein which, as shown by site-directed

mutagenesis, contains the viral fusion domain (5). The mutations include an alanine to

threonine change involving amino acid residue 517 (position 12 after the cleavage site), and

a serine to alanine change involving amino acid residue 521 (position 16 after the cleavage

site). Only one other fusogenic HIV-2 virus, HIV-2/ISY, contained these same changes.

However, this virus exhibited three additional mutations in this same envelope area (compare

Figure 3). Since the fusion domain is generally highly conserved among cytopathic HIV and

SIV viruses (5), we considered the possibility that the non-fusogenic properties of HIV-2/ST

resulted from these mutations.

To determine if the observed amino acid substitutions in the HIV-2/ST envelope fusion

region were likely responsible for the impaired cytopathic properties of this virus, we examined
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two fusogenic variants of HIV-2/ST, termed ST/24.1C and ST/24.2C (Figure 4). Both fusogenic

strains were originally derived from a biologically-cloned sub-culture of HIV-2/ST, termed ST/24,

which produced non-cytopathic and non-fusogenic virions biologically indistinguishable from the

parental HIV-2/ST isolate (34). Following serial cell-free transmissions of ST/24 supernatant

to uninfected SupTi cells, large and numerous syncytia were observed on two independent

occasions, which indicated the emergence of fusogenic progeny virus in the culture. Two cell

lines were subsequently established (ST/24.1C and ST/24.2C) and shown to produce virions

with fusogenic and cytopathic properties similar to prototype HIV-1 and HIV-2 viruses (J.A.

Hoxie, et al., in preparation). Moreover, these cell lines were confirmed to be infected with

HIV-2/ST by Southern blot analysis, which revealed no changes in their BamHI, Nhel, Hindlll,

and Pstl cleavage patterns as compared to ST/24. In order to identify the molecular basis for

the phenotypical change in these variants and to determine whether a direct mutation of the

viral fusion sequence had occurred, we amplified the envelope fusion domain of these cultures

using the polymerase chain reaction (46).

Two oligonucleotide primers (30 mers) were designed to allow the amplification of a 544

bp envelope fragment from virally-infected cellular DNA, which included the putative precursor

cleavage site as well as the envelope fusion region (Figures 5 and 6). Both primers were

synthesized according to the JSP4-27 sequence, however, sequence changes were introduced

so as to accommodate a BamHI site in the 5' amplimer and a Pst I site in the 3' amplimer

(prmer 1: 5'AGAATTGGGGGATCCTAAATTGATAGAAGT 3; and pdmer 2: 5'GCTATTAATTrCTGCAG-rCATACATGTT 3).

Total genomic DNA of ST/24, ST/24.1C, ST/24.2C, as well as ST/B12 as a control, was

amplified using these primers. 100 g±l of reaction mixture contained 10 mM Tris-HCI, pH 8.3,

50 mM KCI, 1.5 mM MgC 2, 0.01% gelatine, 200 mM of each deoxynucleotide triphosphate

(dNTP), 10 pM of each primer, 2.5 U of Taq polymerase and 1 g±g of high molecular weight

DNA. Samples were subjected to 45 amplification cycles, consisting of a denaturing step at

940C for 90 seconds, a primer-annealing step at 500C for 90 seconds, and a primer extension
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step at 720C for 135 seconds. Amplified envelope fragments were purified, cleaved with

BamHI and Pstl, and subsequently cloned into M13. Ten individual M13 clones per amplified

DNA preparation were then isolated, and each clone was sequenced in the region, which

corresponded to the N-terminus of the transmembrane envelope domain. An alignment of

these sequences is depicted in Figure 5.

All 10 M13 clones derived from ST/B12 contained sequences identical to JSP4-27,

which indicated that the PCR amplification procedure was reliable and did not cause frequent

misincorporations of nucleotides in this particular DNA template. Sequence comparison of

amplified fragments from cell line ST/24 demonstrated no differences among the individual M13

clones, but revealed 4 nucleotide point mutations between these ST/24 sequences and the

JSP4-27 reference sequence. In fact, all ST/24 derived viruses, including the cytopathic and

fusogenic ones, exhibited these same four nucleotide sequence differences, as well as the

threonine and alanine substitutions previously identified in the envelope fusion region of

JSP4-27. The results thus confirmed that the observed fusion sequence mutations were

representative of all HIV-2/ST strains, regardless of their origin and biological phenotype.

Interestingly, eight of nine M13 clones representing ST/24.1C and five of ten clones

representing ST/24.2C contained additional point mutations, which predicted three amino acid

sequence changes with respect to the ST/24 sequence (Figure 6). The presence of these

mutations within the amplified material identifies the ST/24.1C and ST/24.2C viral strains as

mixtures which comprise the parental ST/24 virus as well as additional genotypic variants.

These newly-generated, genotypical variants must be responsible for the phenotypical changes

seen in the ST/24.1C and ST/24.2C cultures. However, the genetic changes which are of

biologically significance do not appear to occur in the envelope fusion domain.

While these studies were in progress, the biological properties of the HIV-2/ST envelope

gene products were also analyzed in a eukaryotic expression system (42). Vaccinia virus

expressed JSP4-27 envelope glycoproteins were compared to that of prototype HIV-1 and
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HIV-2 viruses. While the processing, expression, and transport to the cell surface appeared

to be unaltered, vaccinia virus-produced JSP4-27 envelope glycoproteins failed to form syncytia

with CD4-bearing Hela cells. Since no other HIV-2 proteins were produced in this system,

these results strongly suggested that the JSP4-27 envelope glycoproteins were primarily

responsible for its non-fusogenic and non-cytopathic phenotype (42). Based on these results

as well as the sequence data, we conclude that the non-fusogenic and attenuated properties

of HIV-2/ST are indeed a function of its envelope gene products, although, the causative

genetic defect appears not to involve mutations within the envelope fusion domain.

There are several mechanisms other than a direct alteration of the fusion sequence that

could result in the biological changes observed in HIV-2/ST. These include mutations that

affect envelope/CD4 interactions, mutations that cause differences in envelope glycosylation,

mutations that require additional cell surface molecules to facilitate virus-cell fusion, as well as

mutations that reduce the stability of envelope glycoprotein complexes on the cell surface. In

fact, several naturally-occurring as well as genetically-engineered immunodeficiency viruses

have been described, that are altered in their fusogenic or cytopathic properties because of

one of these mechanisms. For example, possible differences in the binding affinity of HIV and

SIV envelope glycoproteins to the CD4 receptor have been suggested by the finding that 25-

fold more soluble CD4 is necessary to block infectivity of prototype HIV-2 viruses compared

to HIV-1 (10). It is possible that the HIV-2/ST envelope glycoprotein binds the CD4 molecule

with an even lower affinity, which would be expected to influence subsequent steps of viral

entry, including membrane fusion and penetration. Another mechanism known to cause

attenuation of virulence in naturally-occurring retroviruses involves differences in post-

translational modifications of envelope glycoprote.is. Mullins and coworkers showed that the

pathogenic determinants of an immunodeficiency-causing FeLV-FAIDS virus were dependent

on the processing of particular envelope oligosaccharides (44). Since HIV-2/ST differs in

number and distribution of its potential N-linked envelope glycosylation sites from other
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cytopathic HIV-2's, and since size differences between the exterior envelope glycoproteins of

fusogenic and non-fusogenic HIV-2/ST strains have been observed (J.A. Hoxie, personal

communication), a biologically-significant change in the sugar composition of the HIV-2/ST

envelope cannot be excluded. Finally, a requirement of accessory molecules for virus-cell

fusion represents still another potential mechanism to influence retroviral cytopathicity. Studies

involving SIVAAc recently revealed that this virus has a restricted host-cell range which

comprises only a subset of CD4+ T-cell lines (29,33). While highly infectious and cytopathic

for HUT78 and H9 cells, SIVMAc does not fuse with CD4-bearing SupT1 cells. Moreover,

SIVMAc infects SupT1 cells only with considerable delay. It is thus conceivable, that SIVmAc

requires a surface molecule(s) in addition to CD4 to establish a productive infection in certain

human T-cell lines. Since its infection kinetics and lack of cytopathic effect in SupT1 cells very

much resemble those of HIV-2/ST, it is not unreasonable to speculate that HIV-2/ST might

similarly require an additional cell surface molecule(s) for efficient cell fusion or penetration.

The availability of cytopathic variants of HIV-2/ST will be instrumental for future

experiments designed to define the exact molecular determinants involved in HIV-2/ST

attenuation. Molecular clones representing the fusogenic and cytopathic HIV-2/ST strains are

expected to exhibit much less genetic divergence with respect to JSP4-27 than do unrelated

HIV-2 viruses, like HIV-2/ROD or HIV-2/ISY. Therefore, a comparative sequence analysis is

more likely to identify biologically-important differences, and the construction of chimeras

between attenuated and cytopathic clones will be greatly facilitated. The fact that cytopathic

and fusogenic ST/24 mutants evolved by cell free passage on two independent occasions

indicates the presence of strong selective pressures for cytopathic and fusogenic viruses in

vitro. It is possible that similar pressures are also present in vivo which may favor the

emergence of more virulent strains in certain HIV infected individuals over time (2,9,50).

Identification and molecular characterization of a novel subgroup of SIVA h Viruses

Wild caught African green monkeys (AGM) from East and West Africa are infected with
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SIV viruses at a high prevalence rate (30-60%) in contrast to Asian macaques which are not

naturally infected (14,31). Because of this, it has been speculated that AGMs could harbor

viruses that served as the progenitor of human immunodeficiency viruses acquired through

cross-species transmission. Recent sequence analyses of a sooty mangabey virus has shown

it to be most closely related to HIV-2 (27). To date, isolation and/or molecular characterization

of SIVAGM from West Africa has not been reported. Of additional interest is the fact that wild

caught AGMs, unlike experimentally infected rhesus macaques, do not appear to develop

disease as a result of SIV infection. Because a molecular analysis of SlVAGM from West Africa

could provide important information relevant to the evolutionary relationships of all HIV and SIV

viruses, and because the biologic properties of these viruses are likely to be enlightening, we

developed a PCR-based approach for cloning these viruses directly from uncultured AGM

peripheral blood lymphocytes. Figures 7 and 8 illustrated the "nested" PCR technique that we

developed which accomplishes this. Using two sequential 30 cycle rounds of amplification, first

with an outer primer set and then by an inner set containing cloning sites for the M13

polylinker, we successfully cloned SIVAGm from four out of four seropositive AGMs and from

zero of two seronegative animals. Figures 9, 10 and 11 show the nucleotide sequences of

the amplified regions of the polymerase gene and their relationship to SIVs from other simian

species and subspecies. These results are important for the following reasons: (i) they

demonstrate for the first time the utility of the generic (universal) "nested" PCR approach for

detecting and cloning novel groups of viruses whose sequence divergence from known viruses

precludes conventional hybridization and cloning approaches; (ii) they identify the SIV strain

infecting feral West African AGMs (sabeus) and show that this virus group is not closely

related to HIV-1 or HIV-2; (iii) they provide a rapid method for obtaining molecular probes of

novel viruses for full-length lambda phage cloning and other kinds of nucleic acid analyses.

Molecular Cloning and Analysis of Replication Competent HIV-1 Proviruses from Uncultured

Human Brain in AIDS Dementia Complex
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All previous full-length replication-competent proviral clones of HIV-1 have been obtained

from cell cultures of amplified virus, due to the low abundance of viral DNA in chronically

infected individuals. Because such virus strains may be altered be a result of in vitro

propagation, we sought to molecularly clone and genetically and biologically characterize full-

length replication competent HIV-1 proviruses directly from uncultured human brain tissue of

a patient with AIDS Dementia Complex (ADC). Objectives were (i) to generate replication

competent proviral clones from uncultured human tissue thereby allowing an analysis of

genome organization and gene structure-function relationships of virus not subjected to in vitro

selection pressures, (ii) to generate transfection-derived genetically defined HIV-1 strains

without interim cell culture for analysis of virus biological properties, replicative DNA

intermediate forms, integration status, and the possible existence of defective and/or helper

forms, (iii) to compare and characterize genotypic variation of proviral clones obtained by

direct lambda phage cloning as compared to clones obtained by PCR amplification. For these

studies, high molecular weight DNA from a brain specimen obtained at necropsy was subjected

to lambda phage cloning and 10 HIV-1 proviral clones out of 8 x 106 recombinants were

obtained (Figure 12). These proviral clones contained integrated and unintegrated forms, forms

with one or two LTRs, and genomes with large deletions and self-integrated, reversed LTR

sequences. Eight HIV-1 proviral clones (in lambda) and 11 PCR derived clones from the

same brain were sequenced in a 525 bp hypervariable envelope region. All 19 clones were

highly related yet distinct with nucleotide variation between 0.1 and 0.3%. Four proviral clones

in lambda were determined to be full-length by restriction mapping and two of these were

shown to be transfection-competent in Cos-1 cells and replication competent in human T cells

and monocytes after cell free passage. We have found in preliminary studies that these

molecularly derived strains of HIV-1 from uncultured human brain replicate to higher levels in

monocyte-macrophages than other putative monocyte tropic viruses and therefore they

represent important reagents for characterizing monocyte tropic viral determinants at a

12



molecular level. The genomic organization, structure-function characteristics of specific gene

products, and the biological properties of these HIV-1 proviral clones are under study.

13



REFERENCES

1. Albert, J., U. Bredberg, F. Chiodi, B. Bottiger, E.M. Fenyo, E. Norrby and G.

Biberfeld. 1987. A new human retrovirus isolate of West African origin (SBL-6669)

and its relationship to HTLV-IV, LAV-Il, and HTLV-IIIB. AIDS Res. Human Retro. 3:3-

10.

2. Asjo, B., J. Albert, A. Karisson, L. Morfeldt-Mamson, G. Blberfeld, K. Lidman, and

E.M. Fenyo. 1986. Replicative properties of human immunodeficiency virus from

patients with varying severity of HIV infection. Lancet 11:660-662.

3. Barre-Sinoussi, F., J.C. Chermann, F. Rey, M.T. Nugeyre, S. Chamaret, J. Gruest,

C. Dauguet, C. Axler-Blin, F. Vezinet-Brun, C. Rouzloux, W. Rozenbaum and L

Montagnler. 1983. Isolation of a T-lymphotropic retrovirus from a patient at risk for

acquired immune deficiency syndrome (AIDS). Science 220:868-870.

4. Berkelman, R.L., W.L. Heyward, J.K. Stehr-Green and J.W. Curran. 1989.

Epidemiology of human immunodeficiency virus infection and acquired immunodeficiency

syndrome. Amer. J. of Med. 86:761-770.

5. Bosch, M.L., P.L. Earl, K. Fargnoll, S. Picclafuoco, F. Glombini, F. Wong-Staal and

G. Franchini. 1989. Identification of the fusion peptide of primate immunodeficiency

viruses. Science 244:694-697.

6. Brasseur, R., B. Cornet, A. Burny, M. Vandenbranden and J.M. Ruysschaert.

1988. Mode of insertion into a lipid membrane of the N-terminal HIV gp4l peptide

segment. AIDS Res. and Human Retro. 4:83-90.

7. Centers for Disease Control: AIDS due to HIV-2 infection -- New Jersey. MMWR

1988; 37:33-35.

14



8. Chakrabarti, L., M. Guyader, M. Alizon, M.D. Daniel, R.C. Desroslers, P. Tlollais,

P. Sonlgo. 1987. Sequence of simian immunodeficiency virus from macaque and its

relationship to other human and simian retroviruses. Nature 328:543-547.

9. Cheng-Mayer, C., D. Seto, M. Tateno, and J.A. Levy. 1988. Biologic features of

HIV-1 that correlate with virulence in the host. Science 240:80-82.

10. Clapham, P.R., J.N. Weber, D. Whitby, K. McIntosh, A.G. Dalgleilsh, P.J. Maddon,

K.C. Deen, R.W. Sweet and R.A. Weiss. 1989. Soluble CD4 blocks the infectivity

of diverse strains of HIV and SIV for T-Cells and monocytes but not for brain and

muscle cells. Nature 337:368-370.

11. Clavel, F., K. Mansinho, S. Chamaret, D. Guetard, V. Favier, J. Nina, M.O. Santos-

Ferreira, J.L. Champalimaur and L. Montagnier. 1987. Human immunodeficiency

virus type 2 infection associated with AIDS in West Africa. New England J. Med.

31 6:1180-1185.

12. Clavel, F., D. Guetard, F. Brun-Vezlnet, S. Chamaret, M.A. Rey, M.O. Santos-

Ferreira, A.G. Laurent, C. Dauguet, C. Katlama, C. Rouzioux, D. Klatzmann, J.

Champailmaud and L. Montagnler. 1986. Isolation of a new human retrovirus from

West African patients with AIDS. Science 233:343-346.

13. Cortes, E., R. Detels, D. Aboulafia, X.L. Li, T. Moudgil, M. Alam, C. Bonecker, A.

Gonzaga, L. Oyafuso, M. Tondo, C. Boite, N. Hamnmershialk, C. Capitani, D.J.

Slamon and D.D. Ho. 1989. HIV-1, HIV-2, and HTLV-1 infection in high-risk groups

in Brazil. New England J. Med. 320:953-958.

14. Daniel, M.D., N.L. Letvln, N.W. King, M. Kannagi, P.K. Sehgal, R.D. Hunt, P.J.

Kanki, M. Essex and R.C. Desroslers. 1985. Isolation of T-ceil tropic HTLV-l1i-like

retrovirus from macaques. Science 228:1201-1204.

15



15. Dedera, D., W. Hu, N.V. Heyden and L. Ratner. 1989. Viral protein R of human

immunodeficiency virus types 1 and 2 is dispensable for replication and

cytopathogenicity in lymphoid cells. J. Virol. 63:3205-3208.

16. Evans, L.A., J. Moreau, K. Odehourl, H. Legg, A. Barboza, C. Cheng-Mayer and

J.A. Levy. 1988. Characterization of a noncytopathic HIV-2 strain with unusual effects

on CD4 expression. Science 240:1522-1525.

17. Franchini, G., J.R. Rusche, T.J. O-Keeffe and F. Wong-Staal. 1988. The human

immunodeficiency virus type 2 (HIV-2) contains a novel gene encoding a 16 kD protein

associated with mature virions. AIDS Res. Hum. Retro. 4:243-250.

18. Franchini, G., K.A. Fargnoll, F. Glombini, L. Jagodzlnski, A. De Rossi, M. Bosch,

G. Blberfeld, E.M. Fenyo, J. Albert, R.C. Gallo and F. Wong-Staal. 1989. Molecular

and biological characterization of a replication competent human immunodeficiency type

2 (HIV-2) proviral clone. Proc. Nati. Acad. Sci. USA 86:2433-2437.

19. Fukasawa, M., T. Miura, A. Hasegawa, S. Morikawa, H. Tsujimoto, K. Miki, T.

Kitamura and M. Hayami. 1988. Sequence of simian immunodeficiency virus from

African green monkey, a new member of the HIV/SIV group. Nature 333:457-461.

20. Gallaher, W.R. 1987. Detection of a fusion peptide sequence in the transmembrane

protein of human immunodeficiency virus. Cell 50:327-328.

21. Gallo, R.C., S.Z. Salahuddin, M. Popovic, G.M. Shearer, M. Kaplan, B.F. Haynes,

T.J. Palker, R. Redfleld, J. Oleske, B. Safal, G. White, P. Foster and P.D.

Markham. 1984. Frequent detection and isolation of cytopathic retroviruses (HTLV-

Il1) from patients with AIDS and at risk for AIDS. Science 224:500-503.

22. Goodenow, M., T. Huet, W. Saurln, S. Kwok, J. Snlnsky and S. Wain-Hobson.

1989. HIV-1 isolates are rapidly evolving quasispecies: evidence for viral mixtures and

preferred nucleotide substitutions. J. AIDS 2:344-352.

16



23. Guyader, M., M. Emerman, P. Sonlgo, F. Clavel, L. Montagnier and M. Alizon.

1987. Genome organization and transactivation of the human immunodeficiency virus

type 2. Nature 326:662-669.

24. Hasegawa, A., H. TsuJimoto, N. Maki, K. Ishlkawa, T. Miura, M. Fukasawa, K. Milk

and M. Hayaml. 1989. The genomic divergence of HIV-2 from Ghana. AIDS and

Hum. Retro. (in press).

25. Haseltine, J.G. and J. Sodroski. 1987. Cell membrane fusion mediated by the

envelope glycoprotein as the primary effector of AIDS virus cytopathicity. In: Acquired

Immunodeficiency Syndrome. Eds. J.C. Gluckman and E. Vilmer. (Elsevier) pp. 47-

56.

26. Henderson, L.E., R.C. Sowder, T.D. Copeland, R.E. Benvenlslte and S. Oroszlan.

1988. Isolation and characterization of a novel protein (X-ORF product) from SIV and

HIV-2. Science 241:199-201.

27. Hirsch, V.M., R.A. Olmsted, M. Murphey-Corb, R.H. Purcell and P.R. Johnson.

1989. An African primate lentivirus (SIV,.) closely related to HIV-2. Nature 339:389-

392.

28. Horsburgh, C.R., Jr. and S.D. Holmberg. 1988. The global distribution of human

immunodeficiency virus type-2 (HIV-2) infection. Transfusion 28:192-195.

29. Hoxle, J.A., B.S. Haggarty, S.E. Bonser, J.L. Rackowski, H. Shan and P.J. Kankl.

1988. Biological characterization of a simian immunodeficiency virus-like retrovirus

(HTLV-IV): Evidence for CD4-associated molecules reouired for infection. J. Virol.

62:2557-2568.

30. Ishikawa, K., H. Tsujimoto, M. Nakai, J.A.A. Mingle, M. Osel-Kwasl, S.E. Aggrey,

V.B.A. Nettey, S.N. Afoakwa, M. Fukasawa, T. Kodama, M. Kawamura and M.

Hayaml. 1988. Isolation and characterization of HIV-2 from an AIDS patient in Ghana.

AIDS 2:383-388.

17



31. Kankl, P.J., S. M'Boup, D. Ricard, F. Brin, F. Denis, C. Boye, L. Sangare, K.

Travers, M. Albaum, R. Marlink, J.L. Romet-Lemonne and M. Essex. 1987. Human

T-lymphotropic virus type 4 and the human immunodeficiency virus in West Africa.

Science 236:827-831.

32. Kappes, J.C., C.D. Morrow, S.W. Lee, B.A. Jameson, S.B.H. Kent, L.E. Hood, G.M.

Shaw and B.H. Hahn. 1988. Identification of a novel retroviral gene unique to human

immunodeficiency virus type 2 and simian immunodeficiency virus SIVAc. J. Virol.

62:3501-3505.

33. Koenig, S., V.M. Hirsch, R.A. Olmsted, D. Powell, W. Maury, A. Rabson, A.S.

Fauci, R.H. Purcell and P.R. Johnson. 1989. Selective infection of human CD4+

cells by simian immunodeficiency virus: Productive infection associated with envelope

glycoprotein-induced fusion. Proc. Nati. Acad. Sci. USA 86:2443-2447.

34. Kong, L.I., S.W. Lee, J.C. Kappes, J.S. Parkin, W.D. Decker, J.A. Hoxle, B.H. Hahn

and G.M. Shaw. 1988. West African HIV-2-related human retrovirus with attenuated

cytopathicity. Science 240:1525-1529.

35. Kowalski, M., J. Potz, L. Basipripour, T. Dorfman, W.C. Goh, E. Terwllllger, A.

Dayton, C. Rosen, W. Haseltine and J. Sodroskl. 1987. Functional regions of the

envelope glycoprotein of human immunodeficiency virus type 1. Science 237:1351-

1355.

36. Kuhnel, H., H. von Briesen, U. Dietrich, M. Adamskl, D. Mix, L. Blesert, R. Kreutz,

A. Immelmann, K. Henco, C. Meichsner, R. Andreesen, H. Gelderblom, H.

Rubsamen-Waigmann. 1989. Molecular cloning of two West African human

immunodeficiency virus type 2 isolates that replicate well in macrophages: A Gambian

isolate, from a patient with neurologic acquired immunodeficiency syndrome, and a

highly divergent Ghanian isolate. Proc. NatI. Acad. Sci. USA 86:2383-2387.

18



37. Lasky, L.A., G. Nakamura, D.H. Smith, C. Fennle, C. Shimasaki, E. Patzer, P.

Berman, T. Gregory and D.J. Capon. 1987. Delineation of a region of the human

immunodeficiency virus type 1 gp120 glycoprotein critical for interaction with the CD4

receptor. Cell 50:975-985.

38. Lee, S.W., J.C. Kappes, W.D. Decker, J. Park, C.D. Morrow, S. Su, L.I. Kong, R.C.

Deroslers, G.M. Shaw and B.H. Hahn. 1988. The role of vpx in the life cycle of HIV-

2. In: Proceedings of the Colloque des Cent Gardes, Paris, France, pp. 11-17.

39. Llfson, J.D., G.R. Reyes, M.S. McGrath, B.S. Stein and E.G. Engleman. 1986.

AIDS retrovirus induced cytopathology: Giant cell formation and involvement of CD4

antigen. Science 232:1123-1127.

40. McCune, J.M., L.B. Rabin, M.B. Feinberg, M. Lleberman, J.C. Kosek, G.R. Reyes

and Weissman. 1988. Endoproteolytic cleavage of gp160 is required for the activation

of human immunodeficiency virus. Cell 53:55-67.

41. Maxam, A.M. and W. Gilbert. 1980. Sequencing end-labeled DNA with base-specific

chemical cleavages. Methods Enzymol. 65:499-560.

42. Mulligan, M.J., P. Kumar, H. Hui, R.J. Owens, G.D. Ritter, Jr., B.H. Hahn and R.W.

Compans. The env product of an infectious noncytopathic HIV-2 is deficient in

syncytium formation. (submitted).

43. Popovic, M., M.G. Sarngadharan, E. Read and R.C. Gallo. 1984. Detection,

isolation and continuous production of cytopathic retroviruses (HTLV-III) from patients

with AIDS and pre-AIDS. Science 224:497-500.

44. Poss, M.L., J.. Mullins and E.A. Hoover. 1989. Posttranslational modifications

distinguish the envelope glycoprotein of the immunodeficiency disease-inducing feline

leukemia virus retrovirus. J. Virol. 63:189-195.

19



45. Saag, M.S., B.H. Hahn, J. Gibbons, Y. LI, E.S. Parks, W.P. Parks and G.M. Shaw.

1988. Extensive variation of human immunodeficiency virus type-1 in vivo. Nature

334:440-444.

46. Saiki, R.D., D.H. Gelfand, S. Stoffel, S.J. Scharf, R. Higuchl, G.T. Horn, K.B. Mullils

and H.A. Erlich. 1988. Primer-directed enzymatic amplification of DNA with a

thermostable DNA polymerase. Science 239:487-491.

47. Salter, R.D., D.M. Howell and P. Cresswell. 1985. Genes regulating HLA class-I

antigen expression in T-B lymphoblast hybrids. Immunogenetics 21:235-246.

48. Sanger, F., S. Nicklen and A.R. Coulson. 1977. DNA sequencing with chain

terminating inhibitors. Proc. Nati. Acad Sci. USA 74:5463-5467.

49. Smith, S.D., M. Shatsky, P.S. Cohen, R. Warnke, M.P. Link and B.E. Glader. 1984.

Monoclonal antibody and enzymatic profiles of human malignant lymphoid T-cells and

derived cell lines. Cancer Research 44:5657-5660.

50. Tersmette, M., R.A. Gruters, F. de Wolf, R.E.Y. de goede, J.M.A. Lange, P.T.A.

Schellekens, J.Goudsmit, H.G. Hulsman and F. Mledema. 1989. Evidence for a

role of virulent human immunodeficiency virus (HIV) variants in the pathogenesis of

acquired immunodeficiency syndrome: studies on sequential HIV isolates. J. Virol.

63:2118-2125.

51. Willey, R.L., D.H. Smith, L.A. Lasky, T.S. Theodore, P.L. Earl, B. Moss, D.J. Capon

and M.A. Martin. 1988. In vitro mutagenesis identifies a region within the envelope

gene of the human immunodeficiency virus that is critical for infectivity. J. Virology

62:139-147.

52. Yoffe, B., D.E. Lewis, B.L. Petrie, C.A. Noonan, J.L. Melnlck and F.B. Hollinger.

1987. Fusion as a mediator of cytolysis in mixtures of uninfected CD4+ lymphocytes

and cells infected by human immunodeficiency virus. Proc. NatI. Acad. Sci. USA

84:1429-1433.

20



53. Yu, X.F., S. Ito, M. Essex and T.H. Lee. 1988. A naturally immunogenic virion-

associated protein specific for HIV-2 and SIV. Nature 335:262-265.

54. Zagury, J.F., G. Franchini, M. Reitz, E. Collalti, B. Starcich, L. Hall, K. Fargnoll,

L. Jagodzlnskl, H.G. Guo, F. Laure, S.K. Arya, S. Josephs, D. Zagury, F. Wong-

Staal and R.C. Gallo. 1988. Genetic variability between isolates of human

immunodeficiency virus (H IV) type 2 is comparable to the variability among HIV type

1. Proc. Nati. Acad. Sci. USA 85:5941-5945.

21



A Xbal Xbal Xbal Xbal Xbal

partial Xbal digest XJSP4-27
subcloning Into pSP65

I
Xbai (Xbai) (Xbal) Xbal

p.JSP4-27

B
Syncytia Formation Assay C Western Blot

JSP SL

gp43-
-gp32

p24 - -p24

HIV-2/ST HIV-2/ROD human
pJSP4-27 pSL1 anti-HIV-2 serum

Figure 1. A: Construction of a replication-competent HIV-2/ST plasmid clone . The construction

scheme used to generate a transfection-competent plasmid subclone of HIV-2/ST is outlined. XJSP4-27 (34)

was partially cleaved with Xba I to remove phage arms (double lines) and flanking cellular sequences

(hatched lines), and the resulting 14 Kb provirus-containing fragment was subsequently subcloned into pSP65.

B: Biological comparison of HIV-2/ST and HIV-2/ROD derived, genetically-pure viral strains. CEMx174

cultures, productively-infected (>90%) with JSP4-27 (HIV-2/ST) and SL (HIV-2/ROD) respectively, were

examined in syncytia formation assays and by Western blot analysis. The left side panels depict the complete

lack of syncytium formation upon co-cultivation of JSP4-27-producing CEMx174 cells with uninfected CEM

cells, while numerous and large syncytia are generated upon co-cultivation of the same uninfected CEM cells

with SLi-infected CEMx174 cells (identical results were obtained with H9, SupT1 and CEMx174 cells).

Syncytia formation was monitored 18 hours after cocultivation. The right side panel depicts the Western blot

profile of cell-free virions derived from these same transfection-derived cultures and demonstrates differences

in the size of their transmembrane envelope glycoproteins.
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Figure 3. Alignment of the deduced envelope amino acid sequences of seven different HIV-2 and SIV

viruses. The deduced amino acid sequences of the envelope open reading frames of HIV-2/ST (JSP4-27),

HIV-2/ROD (23), HIV-2/ISY (18), HIV-2/NIHz (54), HIV-2/GH (24), SIV/MAC (8), and SIV/SM (27) have been

aligned for maximum homology. The position of the presumed primary envelope precursor cleavage site, as

identified for HIV-2/ROD (23), is shown. Filled circles indicate cysteine residues conserved among all seven

envelope sequences, while asterisks indicate non-conserved cysteine residues. Potential N-linked glycosylation

sites (NXS/T) in the HIV-2/ST envelope sequence are underlined. Crosses depict two in-frame stop codons

which are present in the sequence of SIV/MAC and HIV-2/GH. Dots represent gaps which were introduced

for optimal sequence alignment.
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JSP4-27 AGAATTGGGGGATTATAAATTGATAGAAGTAACACCAATTGGCTTTGCACCTACACCAGTA
Primer I LysLeulleGluValThrProIleGlyPheAl&ProThProVaI

ST/B12 10/10
.... T---- T/24 10/10

Ser

. ST/24.IC 8/9
SerLU

" -' --T &" ST/24.2C 5/10
Ser

- ......-T --- ST/24.2C 5/10
Ser

Yleavage site

JSP4-27 AAAAGA TCTCCTCTGCTCCAGTGAGGAATAAAAGAGTTATTCGTGCTAGGGTTCTTA
Ly ArgTyrSerSe AlaProValArAsnLysArGlyValPheVaLouGly~heLeu S 1 1 0 1

G----------------- ST/24 10/10
----------------------- --------------------- ------------- ST/24.1 1/10--------------------------- G - -------- ST/24.1C 1/9

- - G ... ST/24.lC 8/9
S- G-- ----- --------- ST/24.2C 5/10

--- - ST/24.2C 5/10

JSP4-27 GGTTTTCTC CAGCAGGA;;;GCAATGrGCGCGGCGTCCTTGACGCTGTCGGCTCAG
G1yP heLeuThvqhrAlaG1 YAlaAI aMetG1yAI4A1&SerLeuThrLeuSerAl aG In
.. ST/B12 10/10

.ST/24 10/10--------------------- --------.-.----.--------- ST/24.1C 1/9..........................................- 
-- ST/24.1C 8/9..................................................-. 

ST/24.2C 5/10
ST/24,2C 5/10

JSP4-27 TCTCGGACTTTATTGGCCGGGATAGTGCAGCAACAGCAACAGCTGTTGGACGTGGTCAAG
SerArgThrLeuLeuAlaGlylleValGinGlnGlnGlnGlnL.uL.uAapValValLy,
..................... . ............... .........-- - ST/9 2 10/10..........------------------------------------------------------- 

ST/24 1/0
ST/24.1C 519

.......................... .- -----.--- --------G-- ST/24.2C 5/10Sert
Q1U

GG
JSP4-27 ACACAA... //...AACATGTATGAACTACAAAAATTAAATAGC

ArqG1n Primer 2
ST/12 10/10
ST/24 10/10
ST/24.2C 5/10
ST/24.2C 5/10

Figure 4. Generation of fusogenic and cytopathic variants of HIV-2/ST. A diagram

illustrating the origin of biologically-distinct HIV-2/ST substrains is depicted. A total of five

subcultures were established from the original HIV-2/ST isolate by limiting dilution cloning. All

biologically-cloned subcultures, the transfection-derived JSP4-27 cell line, as well as the parental

bulk culture produce non-fusogenic and non-cytopathic progeny virus (hatched boxes). The two

fusogenic and cytopathic variants ST/24.1C and ST/24.2C, which were generated by repeated

cell-free passage of ST/24 supernatants to uninfected SupT1 cells, are depicted in black boxes.

Also indicated is the size of the envelope transmembrane glycoprotein (TM) for vidons derived

from each culture.
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ST/812 STi TS ST/23 S/2

Figure 5. Nucleotide sequence variation In the fusion domain of cytopathIc and

noncytopathic HIV-2/ST strains. 230 bps of PCR amplified envelope sequence are compared

between JSP4-27 and four other HIV-2/ST strains. The boundaries of the amplified fragments

are indicated. The sequence of both primers used to amplify the genomic DNA of ST/B12,

ST/24, ST/24.1C and ST/24.2C is underlined, and the bp changes which were introduced to

generate Bam HI and Pst I cloning sites are indicated. Nucleotide substitutions are shown with

respect to the JSP4-27 sequence and amino acid sequence changes unique for the cytopathic

and fusogenic ST/24 strains are bold-faced. Asterisks depict the Thr and Ala substitutions

previously identified to distinguish JSP4-27 from most other cytopathic HIV-2 viruses. The

number of M13 clones analyzed per HIV-2/ST strain is listed, with frequencies referring to the

proportion of clones which have an identical sequence.
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A Cleavage Sie

domai ~ amHIV-2
W V018n don Envelope

Gene

MU1 23 45 67
Cleavage Site

BMWpCiie

44bps * insi Region

B Cleavag siteinvr

Provfra Sequences + yoticy

ROD U.vZNrNr SYAwwAM GvrvLArLZrAsaMLSQNVLAIVQQQQQLLDvmQ +

JSP4-27 --I-v----Nv - --- -K------------ 1---A---- L-------------------------M1

PCR Sequences clones
812 --1V--------V-- -VK - - -------- T--A] --- L--------------- ------- 1010 -

ST/24 -- I-V -- ---- --- V-Hn- ----------- T---A---- L----------------------------10/10

ST/24.1 C{ --'-IV----iv-S- --- rn-K------------ T--- A------- ----------------------- 1/9 +
X- ---- 2 -I- --- rM------------ T---A-- -----I--- -------- /

ST2.2 -'v ---- V -------NV-=- ------------ T--- A-------- ----------------------------- 5/10)ST/24.-------- 9V------ -- ---------- T---k --------------------- Z-- 5/10

Figure 6. Amino acid sequence variation In the fusion domain of cytopathic and non-

cytopathic HIV-2IST strains. The reiative location of the PCR amplified envelope fragments

is shown in the context of the entire HIV-2 enveiope open reading frame. Amplification

products are depicted in the left panel. Lanes 1 and 7, uninfected PBL DNA (negative control);

lane 2, ST/B312; lane 3, ST/24; lane 4 ST/24.1C; lane 5, ST/24.2C, and lane 6, SupTl/LKOO1

(positive control). The deduced amino acid sequences of the amplified fusion regions are

compared to the corresponding sequences of HIV-2/ROD and JSP4-27. The number of M13

clones analyzed per HIV-2/ST strain is listed, with frequencies referring to the proportion of

clones which have an identical sequence.
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E- Awfjw Add S~ pnmOt
HIV-2/ST HIV-21R0D HIV.2JISY HIV-2INIH, HIV-2IGH SIV/MAqC2 SIVISM

HIV-21ST 19% 17% 18% 16% 28% 28%

HIV-2R0D 11% 20% 19% 18% 28% 28%

HIV-2/ISV 10% 11% 20% 19% 30% 29%

HIV-21N1N 5  12% 12% 13% 19% 28% 28%

HIV-21GH 11% 12% 12% 15% 29% 29%

SlV/MAC142 23% 23% 24% 26% 24% 19%

SI V/SM 23% 22% 23% 23% 23% 15%
Total Nugdgoif SQJ'w DkWvsgs

aThe percent nucleotide sequence divergence between HIV-2/ST (JSP4-27). HlV-2IROD (22). HIV-YIISY (17). HIV.21GH (Hasegawa et aL. in press).
SIVMAC 4 (8).and SIVsm (25) is shown along with the percent amino acid sequence divergence of their envelope glycoproreins. Sequences were aligned pairwise.
using the icrogenie computer software (Beckman).

Table 1: Nucleotide and amino acid sequence divergence among HIV-2 and SHY viruses.

The % nucleotide sequence divergence between HIV-2IST (JSP4-27), HIV-2IROD, HIV-2/ISY,

HIV-2IGH, SIV/MAC, 2, and SiV/SM is shown along with the % amino acid sequence divergence

of their envelope glycoproteins. Sequences were aligned pairwise using the Microgenie

Computer Software (Beckman).
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% Homology

Open reading frame ST/ROD ST/Isy ROD/ISY

Nucleotide Amino acid Nucleotide Amino acid Nucleotide Amino acid

LTR 91.5 91.4 91.8
gag 91.1 92.0 90.7 89.1 90.3 89.5
Pod 91.2 91.4 91.2 91.4 91.2 91.7
vi]' 91.5 88.4 92.4 91.2 92.2 85.6
VPX 89.3 85.7 92.6 90.2 88.4 87.5
VPr 89.91s 80.0'a 89.8" 84.8' 93.3 89.5
tat 86.7 75.4 88.7 78.5 90.5 80.8
rev 82.0 85.0 NW? NDb NI? ND"b
env 85,5 81.4 86.0 83.0 84.8 80.4
nef 86.1 78.9 85.8 77.7 87.0 78.5

Overall % homology 89.5 89.9 89.3

An in-frame stop codon is present in the HI V.2/ST Ypr open reading frame.
"Meaningful comparison of the HIV-2/ISY rev gene (17) with the corresponding rev genes of HIV-2/ST (JSP4-27) and HIV-2/ROD (22) was not possible because

of considerable length differences between their sequences. ND. Not done.

Table 2: Sequence homologies among virus-specific genes of three different HIV-2

proviruses. Nucleotide and amino acid sequence homologies among different viral genes of

HIV-2/ST (JSP4-27), HIV-2/ROD1, and HIV-2/ISY are shown in comparison. A meaningful

comparison of the HIV-2ISY rev gene to the corresponding rev genes of HIV-2/ST and HIV-

2/ROD was not possible, because of considerable length differences between their sequences.

An asterisk indicates the presence an in-frame stop codon in the HIV-2IST vpr open reading

frame.
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Primer B

5' 30
3. I3

P mer A

+ Taq polymerase
denature at 94PC
anneal at 6dfC x 30 cycles
extend at 72°C

1st round _2

amplifies
Primer 0

51~ -35' I 3'
T 5'

Primer C

+ Taq polymerase
denature at 94eC
anneal at 60fC x 30 cycles
extend at 72C

> 2nd round amplifies <20

Figure 7. "Nested" polymerase chain reaction primer amplification as an approach to increase

sensitivity of retroviral genome detection.

33



G
4172 TCTTCCAGCAATT TGC-W T;-GAT HIV-2

4129 ACTTAAAGCTAA 'A-TTCGCT SIVu~c

pol A
4232 GGCACTTGGCAATGGACTGCACACATTTAGAAGGAAAGATCATTATAGT A? HIV-2

4189 GGATGCATGTGACACAAGAAAATAAT SIYMAC
EcoRI

4292 I-

4249 GGC~tAotCAAkAGCAGAAGTAATTCCACAAGAAACAGGAAGACAGACAGCA SIVUAC

4352 CTCTTCCTATTGAAACTGGCAAGTAGGTGGCCAATAACACACTTGCATACAGATAATGGT HiV-2

4309 CTATTTCTGTTAAAATTGGCAAGCAGATGGCCTATTACACATCTGCACACAGATAATGGT SIVUAC

555 337 4412 GCCAACTTCAC-TTCACAGGAGGTGAAGATGGTAGCATGGTGGATAGGTATAGAACAATCC HIV-2
11 liii! liii 11 11 11 1l1ll1ll 111111111 111 11111 11 11

4369 GCTAACTTTGC^TTCGCAAGAAGTAAAGATGGTTGCATGGTGGGCAGGGATAGAGCACACC SIVuAe

4472 TTTGGAGTACCTTACAATCCACAGAGCCAAGGAGTAGTAGAAGCAATGAATCACCATCTA HIV-2

4429 TTTGGGGTACCATACAATCCACAGAGTCAGGGAGTAGTGGAAGCAATGAATCACCACCTG SIVu~c

4132 AAAACCAALATAAGTACAATCAGAGAACAGGCAAATACAATAGAAACAATAGTAcTAT HIV2

11111 HIM1 I 111IM 11111 HIM111I 1111111 HM111 i~
4489 AAA.AATCAAATAGATAGAATCAGGGAACAAGCAAATTCAGTAGAAACCATAGTATTAA'rG SIVUAC

EcoRI
G

4592 AA C M TMAAGGGATGGATGACTCCATCAGAA HIV-2

4549 ATTAMrT1AAAGGGATGGTAGACTCCAGCAGAA SIVUAC

4652 AGATTAATCAATATGATCACCACAGAACAAGAGATACAATTCCTCCAAGCCAAAAATTCA HIV-2
111 11 1 1 11 111 1 111 111 1 1 111 111 1 1 1 1 1 1 1 1 1 1 111

4609 AGATTAATTAACATGATCACTACAGAACAAGAAATACAATTTCAACAATCAAAAAACTCA SIVUAC

4712 AAATTAAAAGATT TTCGGGTCTMTTCAGAGAAGGCG.AGATCAGTTGTGGAAAGGACCT HIV-2

4669 AAATTTAAAAAT.TTTCGGGTCTATTACAGAGAAGGCAGAGATCAGCTGTGGAAGGGACCC SIVUAC

pol B
Figure S. Nested HiSIVMac pot primers with cloning enzyme sites. Outer (pot A and D) and inner (pol 8 and C) ottgonucleoitde

primer sequences are shown in shaded areas and are derived from best match sequence of HIV-2 and SIV... EcoRt sites were

introduced within the inner primer sequences to facilitate cloning of the amptified product. The size of the outer and inner amptification

products are 555tbp and 33715p, respectivey.
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YU-2 : 1 " full-length
YU-1O 41 Igenome.

one LTR
YU-21:-

E S S S Efull length

YU3 : i I genome.YU-32:I two LTRs
-* --- 111 in tandem

del

YU-1: 1_____________15__________ defective genome.
I "-~ldeletion in gag

del

YU-5: S

YU-27:defective genome,

5 haif of
E 55S E integrated

YU-6: Iprovirus with
flanking cellular

sequences

del del

YU-3:IqS'Adefective genome
with self- integrated,

4- reversed LTR in pal

ES S S E full length
__________________________________________________I enome with

YU-4: elf-integratedl.
____ reversed LTR

* in pol

KHenv p8g pal
S = Sstt

E = EcoRi
Mgenomic regions confirmed by nucleatide sequence analysis

Figure 12. Molecular proviral clones of HIV-1 derived from uncultured brain DNA of a patient with AIDS dementia. Ten HIV-1

proviral clones from a lambda phage genomic library of 8 x 10' recombinant phage were identified and mapped. Because the

predominant viral forms in this uncultured brain DNA specimen were in unintegrated circular form, a single cutter, EcoRi, was selected

as the cloning enzyme. Four of the 10 clones were full-length with either one or two LTRs (YU-2, 10, 21, 32), one clone was partial

but integrated into genomic DNA (YU-6), and the remaining 6 clones were defective by virtue of detetions or rearrangements (YU-1, 3.

4, 5, 27).
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